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In 72 drug abusers surgically treated for acute infective
endocarditis, 14 patients (19%) required surgical pro-
cedures on two valves. The predominant infecting or-
ganisms were Staphylococcusaureus and Pseudomonas
aeroginosa (29%). In contrast to single valve infection,
congestiveheart failure was the most common operative
indication (86%, p < 0.05) and was uniformly present
when both left-sided valves were involved. Surgery was
performed 20 ± 13 days after initiation of antibiotic
therapy, yet 7 of the 14patients had perivalvular abscess
formation. In nine patients with solely left-sided infec-
tion, aortic and mitral valve replacements were per-
formed. In five patients with bilateral infection, partial
or complete tricuspid valvectomy was performed in con-
junction with one aortic and four mitral valve replace-
ments. Tricuspid valvecompetencewas reestablished by
Recent reports (1-5) have documented the salutary effect
on patient survival of early surgical intervention for acute
infective endocarditis. Application of this aggressive sur-
gical approach to the increasing number of parenteral drug
abusers who develop acute endocarditis has had encouraging
early results compared with the high mortality associated
with continuing pharmacologic measures despite persistent
sepsis (6-9). Our previous reports (10,11) documented the
necessity for prompt valvular surgery when there are ma-
croemboli, new onset of congestive heart failure or the
bloodstream cannot be sterilized after 7 days of appropriate
antibiotic therapy, particularly when virulent pathogens such
as Pseudomonas aeruginosa are the infecting organism. Al-
though multiple valve infections, often involving both the
right-and left-sided cardiac structures, occur in 10 to 15%
of addicted persons, the role of surgical management in this
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valve insertion or anuloplasty in two patients, and these
patients experiencedlessperioperative heart failure than
did those with tricuspid excision alone.
There was no early «30 day) mortality. However,
long-term follow-up revealed a reoperative incidenceof
21% and a 36% late mortality rate due to prosthetic
valve infection with or without dehiscence at 3 to 18
months (mean 7.2 ± 6) after the initial operation. These
late infectiouscomplicationswere not related to infecting
organism or prosthetic material in the tricuspid anulus,
but did occur in four (57%) of seven patients with in-
tracardiac abscess. The data indicate that 1) multiple
valve infection does not preclude successful early sur-
gical therapy, 2) maintaining tricuspid competence may
be hemodynamically preferable, and 3) reinfection in
this addict population increases late mortality.
group has received little attention (12,13). The purpose of
this report is to review our experience with multivalve sur-
gery so as to assess whether the early and late patient mor-
tality can be altered by the same aggressive surgical ap-
proach utilized when only a single valve is infected.
Methods
Study patients. From January 1976 to December 1983,
a total of 72 consecutive drug addicts underwent valvular
operations at the University of Illinois Medical Center and
the West Side Veterans Administration Medical Center. All
72 patients had active infection as defined by one or more
of the following: l) blood cultures were positive within 48
hours before operation; 2) fever, leukocytosis and new em-
bolic phenomena were noted within 48 hours before oper-
ation; and 3) the operative specimen was culture-positive
or showed organisms or acute inflammation on histopath-
ologic examination. Of these patients, 14 (19%) required
operative procedures on two valves. There were 11 men
and 3 women, aged 23 to 55 years. None of the 14 patients
had a history of congenital or rheumatic valvular heart dis-
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Table 2. Microorganisms in Multivalve Infective Endocarditis
aeruginosa or Staphylococcus aureus in two patients. with
an individual case of mixed gram-negative organism.
Indications for surgery are summarized in Table3. Several
patients had more than one indication for surgery and the
frequency of specific indications differed depending on
whether both left-sided cardiac valves were infected or whether
there was bilateral valvular involvement. Congestive heart
failure was the most frequent indication and was uniformly
present if both the mitral and aortic valves were diseased.
Persistent sepsis was more often associated with tricuspid
valve infection, and the macroemboli necessitating surgery
with bilateral involvement were septic pulmonary (not sys-
temic) emboli causing pneumonitis, pleuritis and hemop-
tysis. For all patients. the time (± standard deviation) from
initiation of antimicrobial therapy to surgical intervention
was 20 ± 13 days. When only the left side of the heart
was involved. the delay was 25 ± 13 days and for bilateral
infection. the time was 10 ± 4 days. The variation and
small sample size preclude determination of statistical
significance.
Operative findings and procedures (Table 4). Nine
patients underwent combined aortic and mitral valve re-
placement. In five patients, an intracardiac abscess (intraan-
ular abscess or extension of infection onto the aortic wall
or into the myocardium) was found. Four of these abscesses
involved the area of anatomic continuity between the an-
terior leaflet of the mitral valve and the noncoronary cusp
of the aortic valve and necessitated the double valve re-
placement. One patient each underwent aortic valve re-
placement or mitral valve replacement with excision of the
tricuspid valve. Each patient had an abscess involving the
left-sided heart valve. Two patients had mitral and tricuspid
ease thus, we assume that the infection occurred on normal
native valves. The distribution of valve involvement is out-
lined in Table I. Ninety-three percent of the group had mitral
valve infection, while 76% had aortic and 36% had tricuspid
valve involvement. Anatomic localization of specific valve
involvement was diagnosed in all patients by clinical his-
tory auscultatory findings and echocardiography; cardiac
catheterization was done in selected cases.
Surgical procedure. The primary indications for sur-
gery were resistant sepsis, congestive heart failure and pul-
monary or systemic macroemboli. All valves known or sus-
pected to be involved were visualized at surgery. When
present, anular or intramyocardial abscesses were drained
and debrided. For left-sided valvular involvement, pros-
thetic replacement using a porcine or bovine heterograft was
uniformly performed. Vegetations on the tricuspid valve
were resected and, if possible, a rim of septal leaflet was
preserved to avoid injury to the specialized conduction sys-
tem. In selected cases, tricuspid valve competence was re-
established by prosthetic replacement or anuloplasty. Post-
operatively, parenteral antibiotic agents were administered
for (, weeks. The patients were discharged from the hospital
after repeated blood cultures were negative for 5 days after
discontinuation of antibiotic therapy.
Statistical analysis. The incidence of a phenomenon was
statistically compared by chi-square analysis with a p value
of less than 0.05 considered significant.
Results
Bacteriology and operative indications. All 14 pa-
tient" had positive preoperative blood cultures (Table 2).
The infecting organism was gram-positive in 57% of patients
and gram-negative in 43%. The most frequent organisms
were Staphylococcus aureus and Pseudomonas aeruginosa
(29'1/ of patients. each organism). Both left heart valves
were infected by the following organisms: Streptococcus
viridans (three patients). Staphylococcus aureus (two pa-
tients), Pseudomonas aeruginosa (two patients). Serratia
marcescens (one patient) and enterococcus (one patient).
Bilateral valvular infection was caused by Pseudomonas
Table 1. Active Infective Endocarditis in Drug Addicts:
Valvular Involvement in 72 Consecutive Patients
Panents
Gram-positive
Staphylococcus aureus
Streptococcus viridans
Enterococcus
Gram-negative
Pseudomonas aeruginosa
Serratia marcescens
Neisseria gonococcus and Bacillus subullis
No. of Patients
8 (57%)
4
3
1
6 (43%)
4
1
I
Valve No. % Table 3. Indications for Surgery in Patients With MultivalveInfective Endocarditis*
Aortic 27 38
Mitral 20 28 All Patients Left Heart Only Bilateral
Tncuspid II 15 (n = 14) (n = 9) (n = 5)
Multiple valve 14 19 Sepsis 7 (50%) 4 (44%) 3 (60%)
Aortic and mitral 9 Congestive heart failure 12 (86%) 9 (100%) 3 (60%)
Mitral and tncuspid 4 Embolus 4 (29%) I (11%) 3 (60%)
Aortic and tricuspid I
*Several patients had more than one indication
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Table 4. Operative Findings and Procedures
Patients (no.)
Total With Intracardiac Abscess
Left heart only
AVR and MVR 9 5
Bilateral infection
AVR and tricuspid excision I I
MVR and tricuspid excision 2 I
MVR and TVR I 0
MVR and tricuspid anuloplasty I 0
Total 14 7 (50%)
AVR = aortic valve replacement;MVR = mitral valve replacement;
TVR = tricuspid valve replacement.
valve infection treated by mitral valve replacement with
tricuspid valve replacement in one and tricuspid anuloplasty
in the other. Neither patient had an intracardiac abscess.
In total, 7 (50%) of 14 patients had abscess formation,
all involving the left-sided heart valves. Abscesses were
associated with Pseudomonas aeruginosa or Staphylococcus
aureus infection in two patients each, while Streptococcus
viridans, enterococcus and mixed gram-negative infection
each caused one instance of abscess formation. All tricuspid
valve infections were limited to the leaflets. There were no
early operative deaths (defined as death in the hospital after
operation or within 30 days after surgery).
Comparison with single valve involvement. When
comparing the group of addicts with multivalve infection to
our concomitant experience with addicts with single valve
infection, several trends and significant differences are ev-
ident. Congestive heart failure is a significantly more fre-
quent indication for surgery in multivalve disease (86 versus
50%, p < 0.05), while sepsis is more frequent in single
valve involvement, although the difference is not statisti-
cally significant (Fig. I). Pseudomonas aeruginosa was more
prevalent in single valve disease (60 versus 29%, p < 0.05),
while multivalve infection was more often associated with
intracardiac abscess formation (50 versus 29%) and the ne-
cessity for preoperative cardiac catheterization (Fig. 2).
Since 1980, we have relied more heavily on echocardi-
ography for anatomic localization of valvular involvement
and only 13 (36%) of 36 patients with single valve infection
were subjected to an invasive preoperative diagnostic study.
However, 6 of 10 patients since 1980 with multivalve dis-
ease have undergone catheterization, primarily to quantitate
the relative hemodynamic contributions of aortic and mitral
dysfunction (14). There were no embolic complications sec-
ondary to these procedures.
Reoperation and late mortality. Five patients (36%)
died 3 to 18 months (mean 7.2 ± 6) after the initial op-
eration. All had recurrent prosthetic valve endocarditis with
or without dehiscence of the prosthesis, due to Pseudomonas
aeruginosa in two patients and to Staphylococcus aureus,
Streptococcus viridans and Serratia marcescens in one pa-
tient each. Three patients had previous aortic and mitral
valve replacements and two patients had prior mitral valve
replacement with tricuspid excision.
Three patients (21%) had reoperative procedures. Re-
peat aortic and mitral valve replacements for prosthetic
endocarditis were performed in two patients who died within
24 hours from refractory cardiogenic shock. A third patient
developed a left ventricle to right atrial fistula after aortic
valve replacement and tricuspid excision resulting in severe
congestive heart failure. Eighteen months after closure of
the fistula and tricuspid valve replacement, this patient is
alive and well. Subsequent infectious sequelae occurred in
four of seven patients with an intracardiac abscess at the
initial operation and in two of seven patients who had no
such extensive infection at the original operation (Fig. 3
and 4). Finally, infection did not recur in the two patients
who had prosthetic material placed in the tricuspid position.
Figure 1. Indications for surgery in patients with infective en-
docarditis. Congestive heart failure (CHF) is a significantly more
frequent surgical indication in multivalve infection (MVIE) than
in single valve infection (SVIE).
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Figure 2. The differences between single (SVIE) and multiple
(MVIE) valve infections are significant only for the incidence of
Pseudomonas aeruginosa infection.
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Figure 3. Infectious sequelae of intracardiac abscess.
Of seven patients with intracardiac abscess, four de-
veloped the infectious sequelae of prosthetic valve en-
docarditis (PYE) or intracardiac fistula, with three pa-
tients dying from prosthetic valve endocarditis. AVR
= aortic valve replacement; EXC = excision; LY =
left ventricle; MYR = mitral valve replacement; RA
= right atrium; TI = tricuspid insufficiency; TYR =
tricuspid valve replacement.
Discussion
Treatment of acute infection and indications for sur-
gery. A major advance in the treatment of infective en-
docarditis was the recognition that prosthetic valve replace-
ment in the presence of active infection is potentially life-
saving and that sterilization of the bloodstream before sur-
gical intervention is not always feasible or possible (15).
However, when multiple valves are involved, the increased
magnitude of the surgical procedure, the bleeding diathesis
of the patient with sepsis and the addition of a second pros-
thetic device that is potentially susceptible to reinfection
may influence some to unduly delay surgical intervention.
The clinical problem is not inconsequential as regards the
number of patients at risk. In two collected series (12,13),
13~ of 433 addicts with infective endocarditis had two or
more valves involved. This parallels the 12% incidence rate
of multiple valve surgical procedures performed for active
infective endocarditis reported since 1980 (1,16-19). Forty
percent of these surgically treated patients were drug ad-
dict'> , a figure reflecting the epidemic increase in the addicted
population in many metropolitan centers.
The present study indicates that multivalve surgery dur-
ing active infection can be performed with minimal early
operative risk. Compared with a concomitantly treated ad-
dicted group with only a single valve infection, in patients
with multivalve infection Pseudomonas aeruginosa is the
infecting organism less frequently, congestive failure is more
often a major indication for surgical intervention and there
is an increased need for invasive preoperative diagnostic
studies and a higher incidence of intracardiac abscess for-
mation. Anatomically, abscess at the aortic-mitral valve
junction frequently mandated double valve replacement. In
contrast, confirming the pathologic studies of Roberts and
Buchbinder (20), in our experience the tricuspid infection
was always confined to the valve leaflets with no anular or
intramyocardial extension, thus allowing tricuspid excision
as adequate surgical debridement.
Long-term prognosis. The long-term outlook for these
patients with multivalve infection is less bright. Abscess
formation is related not only to the virulence of the infecting
organism, but also to any delay in establishing the diagnosis
and in prolonging antimicrobial therapy despite persisting
sepsis. Although in this series patients with and without
intracardiac abscess did not differ in the time from initiation
of antibiotic therapy to surgical intervention, typically this
patient group procrastinates in seeking medical attention and
the exact total duration of the presurgical illness cannot be
accurately quantitated. To determine whether prosthetic valve
endocarditis occurring 3 to 8 months after the initial oper-
ation is due to recrudescence of the previously uneradicated
infection or to a second infection caused by continued in-
travenous drug abuse would require more sophisticated se-
rologic testing to ascertain if the phage type of the organisms
in both infectious episodes is identical. Late infectious com-
plications necessitated a 21% reoperation rate and caused a
36% late mortality rate. Unlike our experience with single
valve infection (10,11), Pseudomonas aeruginosa was not
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Figure 4. Infectious sequelae in the absence of in-
tracardiac abscess. Of seven patients without intra-
cardiac abscess, two developed prosthetic valve en-
docarditis (PYE) and died. Abbreviations as in
Figure 3.
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the prevalent organism associated with these late infectious
complications. However, intracardiac abscess formation did
predispose to these sequelae .
Therapeutic problems of bilateral infection (tricuspid
endocarditis). The incidence of bilateral infective endo-
carditis has been reported as less than 2% in several large
series of surgically treated patients (2,21,22). However , the
frequency in addicted persons is slightly higher , 7% in the
present series and 5.5 % in two other reported series (12 , 13).
Although there are not sufficient numbers of patients to make
statistically valid conclusions, certain aspects of bilateral
cardiac infection merit comment. The key question is whether
after the tricuspid valve is excised concomitantly with left-
sided valve replacement, must tricuspid competence be re-
established by either prosthetic insertion or by anuloplasty
if complete valvulectomy has not been performed. The
avoidance of inserting foreign material in the tricuspid po-
sition was considered a major advance in preventing recur-
rent prosthetic valve endocarditis (23). The hemodynamic
prerequisite for tricuspid excision alone has been the pres-
ence of a normal left heart and lungs. However, a prosthetic
left-sided valve is intrinsically stenotic and many of these
patients have residual pulmonary hypertension from septic
pulmonary emboli (24).
In the present report , all patients who had tricuspid ex-
cision alone with left-sided valve replacement required peri-
operative inotropic support , and the medical management
of their postoperative congestive heart failure was more
rigorous than that of the patients having had tricuspid com-
petence reestablished. Thus , we believe reestablishment of
tricuspid competence may be hemodynamically preferable .
Moreover, these patients have not manifested reinfection of
the prosthetic material in the tricuspid anulus at I Y2 and 21.12
years after the initial operation. The experience reported by
others (12,22,25) does not clarify which mode of handling
the tricuspid anulus after valvulectomy is preferable . At
present, we believe that tricuspid competence should be
maintained if the size of the left-sided prosthetic valve im-
planted is small relative to the patient 's body surface area,
or if there is documented preoperative pulmonary hyper-
tension in the absence of severe left heart failure implying
intrinsic pulmonary disease.
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